Abstract Synoptic weather typing and regression-based downscaling approaches have become popular in evaluating the impacts of climate change on a variety of environmental problems, particularly those involving extreme impacts. One of the reasons for the popularity of these approaches is their ability to categorize a complex set of meteorological variables into a coherent index, facilitating the projection of changes in frequency and intensity of future daily extreme weather events and/or their impacts. This paper illustrated the capability of the synoptic weather typing and regression methods to analyze climatic change impacts on a number of extreme weather events and environmental problems for south-central Canada, such as freezing rain, heavy rainfall, high-/low-streamflow events, air pollution, and human health. These statistical approaches are helpful in analyzing extreme events and projecting their impacts into the future through three major steps or analysis procedures: (1) historical simulation modeling to identify extreme weather events or their impacts, (2) statistical downscaling to provide station-scale future hourly/daily climate data, and (3) projecting changes in the frequency and intensity of future extreme weather events and their impacts under a changing climate. To realize these steps, it is first necessary to conceptualize the modeling of the meteorology, hydrology and impacts model variables of significance and to apply a number of linear/nonlinear regression techniques. Because the climate/weather validation process is critical, a formal model result verification process has been built into each of these three steps. With carefully chosen physically consistent and relevant variables, the results of the verification, based on historical observations of the outcome variables simulated by the models, show a very good agreement in all applications and extremes tested to date. Overall, the modeled results from climate change studies indicate that the frequency and intensity of future extreme weather events and their impacts are generally projected to significantly increase late this century Climatic Change (2012) over south-central Canada under a changing climate. The implications of these increases need be taken into consideration and integrated into policies and planning for adaptation strategies, including measures to incorporate climate change into engineering infrastructure design standards and disaster risk reduction measures. This paper briefly summarized these climate change research projects, focusing on the modeling methodologies and results, and attempted to use plain language to make the results more accessible and interesting to the broader informed audience. These research projects have been used to support decisionmakers in south-central Canada when dealing with future extreme weather events under climate change.
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Introduction
It has become widely recognized that hot spells/heat waves, heavy precipitation, and severe winter and summer storm events may increase over most land areas of the globe due to a changing climate (Cubasch et al. 1995; Zwiers and Kharin 1998; Last and Chiotti 2001; Meehl and Tebaldi 2004; Riedel 2004; Kharin and Zwiers 2005; Medina-Ramón and Schwartz 2007) . The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR4) has indicated that the frequency and intensity of these extreme weather events are projected to very likely increase globally in this century (IPCC 2007a) . It is further projected that climate change could induce elevated mortality/ morbidity from heat waves, floods, and droughts as well as the heavy rainfall-related flooding risks (IPCC 2007b) . It is also expected that many of these risks may be felt at the local to regional scales.
In light of these concerns at a local scale for the area of south-central Canada, Environment Canada has completed several research projects to project changes in the frequency and intensity of future extreme weather events and their impacts. For example, a three-year research project on climate change and human health was completed for four cities (Montreal, Ottawa, Toronto, and Windsor) in south-central Canada, in partnerships with Toronto Public Health, McMaster University, and the Public Health Agency of Canada. This project, funded by the Health Policy Research Program of Health Canada, attempted to evaluate differential and combined impacts of extreme temperatures and air pollution on human mortality under current and future climates (Cheng et al. 2007a (Cheng et al. , b, 2008a . Another three-year research project investigated climate change and extreme rainfall-related flooding risks in four river basins (Grand, Humber, Rideau, and Upper Thames) of southern Ontario, Canada. This project was led by Environment Canada and funded by the Government of Canada's Climate Change Impacts and Adaptation Program (CCIAP), in partnerships with Conservation Ontario, Ontario Ministry of the Environment, Ontario Ministry of Natural Resources, and CGI Insurance Business, with the aim of projecting changes in the frequency and intensity of future daily heavy rainfall and high-/ low-streamflow events (Cheng et al. 2008c (Cheng et al. , 2010 (Cheng et al. , 2011a . Another study was completed to project the possible impacts of climate change on freezing rain in 15 cites of south-central Canada, as shown in Fig. 1 (Cheng et al. 2007c (Cheng et al. , 2011b .
While global climate models (GCMs) are an important tool in the assessment of climate change, most of their simulations are relevant for spatial and temporal scales much larger than those faced by most decision-makers. In general, decision-makers require guidance on future climate extremes at a local scale, requiring "downscaling" of the future climate information from the GCMs and even from the finer regional climate models (RCMs) to the stations or cities. Two fundamental approaches exist for downscaling of large-scale GCM simulations to a finer spatial resolution (Wilby and Wigley 1997; Wilby et al. 2002; Fowler et al. 2007 ). The first of these is a dynamical approach where a higher resolution climate model is embedded within a GCM. The second approach is to use statistical methods to establish empirical relationships between GCM-resolution climate variables and local observed station-scale climate variables of interest to decision-makers. In many cases, statistical methods may still need to be applied to link the dynamical downscaling or higher resolution regional scale climate model results to local climates and parameters of importance to local decision-makers (Fowler et al. 2007) .
Of the statistical downscaling approaches, more sophisticated of the statistical downscaling methodologies can be classified into three groups: (1) regression-based models, (2) weather typing schemes, and (3) weather generators. Several key principles need to be considered in the application of statistical downscaling techniques in order to yield meaningful outputs for decision-makers, including the need for predictor variables that are physically meaningful, reproduced well by the GCMs and able to reflect processes responsible for climatic variability on a range of timescales (Fowler et al. 2007 ). In addition, Fowler et al. (2007) also concluded that statistical downscaling methods may be more appropriate when point values of extremes are needed for climate change impact and adaptation studies.
Although there has been a huge expansion of the downscaling literature, only about one third of all downscaling studies consider impacts (Fowler et al. 2007) . Even within studies considering the various impacts from a changing climate, there often is little consideration given to adaptation research models designed for decision-making. Fowler et al. (2007) concluded that, in their assessment of climate change downscaling techniques, there is a need for applied research that is capable of outputting downscaled results that can be used to help decision-makers, stakeholders, and the public make informed, robust decisions on adaptation and mitigation strategies in the face of many uncertainties about the future. The approaches and results from the downscaling studies developed in collaboration with stakeholders that are briefly summarized in this paper are intended to make the results more accessible and interesting to a broader informed audience.
Data sources and treatment
To project potential climate change impacts on extreme weather events, a variety of observed datasets need to be considered, including meteorological, hydrological, air pollution and human mortality datasets as well as insurance claims and impacts databases. More detailed information on data sources, variables, and record length, can be found in Table 1 . It should be noted that, while the different projects need different types of the data, some climatological data variables were commonly used for all of the projects, whether dealing with severe ice storms, heavy rainfall, extreme heat, mortality or insurance losses. These climatological data variables were first treated for missing data of hourly surface meteorological observations, as shown in the first row of Table 1 . When data were missing for three consecutive hours or less, the missing data were interpolated using a temporal linear method, whereas data were excluded from the analysis on a day where the hourly data were missing for four or more consecutive hours. Other types of observed data, such as daily air pollution concentrations and human mortality counts, were treated to remove inter-annual trends that were attributable to non-climatological factors in order to more effectively segregate and evaluate extreme temperature and air pollution related health risks. The data treatment methods and results are not shown in this current paper due to limitations of the space; for details, refer to publications (Cheng et al. 2007a (Cheng et al. , c, 2008a (Cheng et al. , c, 2010 .
In addition to the use of historical climatological observations, the daily simulations from four GCM models and three greenhouse gas (GHG) emission scenarios were used in the studies (Table 1) . These climate change models and scenarios include the Canadian GCMs-CGCM1 (IPCC IS92a) and CGCM2 (IPCC SRES A2 and B2), one U.S. GCM-GFDL-CM2.0 (IPCC SRES A2), and one German GCM-ECHAM5/MPI-OM (IPCC SRES A2). There are two reasons for including IPCC scenario IS92a as well as the later IPCC 3rd Assessment Report SRES scenario model simulations in the projects. First, when the studies were initially conducted, the IPCC AR4 scenarios were not available but later updates of the analyses from the IS92a scenarios with the SRES scenarios allowed consideration of the diversity of the scenarios and their changes with time. Second, for some weather variables, especially west-east and south-north wind components, the CGCM1 (IS92a) scenarios are comparable (not worse) than the CGCM3 (SRES A2) scenarios based on validation and comparisons of the daily data distributions from interpolated GCM historical runs and observations over a comparative time period for Toronto. For these GCM scenarios and simulations, three time windows (1961-2000, 2046-2065, 2081-2100) were used in the analyses since these data were only available from the Web site of the Program for Climate Model Diagnosis and Intercomparison (PCMDI 2006) . In addition, for the projections of future return-period values of annual maximum 3-day accumulated rainfall totals and annual maximum one-day streamflow volumes, three Canadian GCM transient model simulations (CGCM1 IS92a, CGCM2 A2 and B2) for the 100-year period (2001-2100) were considered.
The study area and locations for south-central Canada are shown in Fig. 1 . Fourteen cities with hourly observed meteorological data at international airports in the province of For projections of future return-period values of annual maximum 3-day accumulated rainfall totals and annual maximum one-day streamflow volumes, three Canadian GCM transient model simulations (CGCM1 IS92a, CGCM2 A2 and B2) for a 100-year period (2001-2100) were used
Ontario and the city of Montreal in the province of Quebec were selected in the climate change and freezing rain study. For other projects, only some of these locations were considered. For example, four cities (Montreal, Ottawa, Toronto, Windsor) were selected for the climate change and human health project while the climate change and heavy rainfall-related flooding risk study selected four cities (Kitchener-Waterloo, London, Ottawa, Toronto) in combination with their four adjacent watersheds (Grand, Upper Thames, Rideau, Humber).
Analysis techniques
The principal methods and steps involved in the projects are summarized in Table 2 . Three major steps or analysis procedures were required to complete each study: (1) historical analysis and/or simulation modeling to verify the historical extreme weather events, (2) regression-based downscaling involving the projection of station-scale future hourly/daily climate information, and (3) future projections of changes in the frequency and intensity of daily extreme weather events under a changing climate. The methodologies of each part are briefly described as follows. Transfer functions involved in future projections are typically used to relate historical climate variables to relevant outputs or impacts of interest to decision-makers. The historical analysis to obtain the transfer functions is comprised of: (1) an automated synoptic weather typing approach to classify daily weather types or air masses and (2) development of daily within-weather-type simulation models to verify historical extreme weather events. Synoptic weather typing approaches have become popular in evaluating the impacts of climate change on a variety of environmental problems. One of the reasons is its ability to categorize a complex set of meteorological variables as a coherent index (Yarnal 1993; Cheng and Kalkstein 1997) , which facilitates climate change impacts analysis. The synoptic weather typing approaches include principal components analysis, average linkage clustering procedure, and discriminant function analysis (Table 2 ) and attempt to develop suitable classification solutions that minimize within-category variances and maximize between-category variances. Although the approaches of synoptic weather typing used in the studies are the same, the input data are different among the studies. For example, in the climate change and freezing rain study, hourly surface meteorological observations and sixhourly U.S. National Centers for Environmental Prediction (NCEP) upper-air reanalysis data listed in Table 1 were used to classify daily weather types (Cheng et al. 2004 (Cheng et al. , 2007c (Cheng et al. , 2011b . However, for the heavy rainfall-related flooding project, only hourly surface observations were used (Cheng et al. 2010 (Cheng et al. , 2011a . The climate change and human mortality project used six-hourly surface meteorological data observed at 03:00, 09:00, 15:00, and 21:00 local standard time (Cheng et al. 2007a (Cheng et al. , 2008a . The selection of hourly or six-hourly meteorological data used for a particular study was determined by the temporal resolution of the targeted weather events and verified using within-weather-type simulation models. When developing statistical extreme-weather-event simulation and downscaling models, we have two key issues that need to be taken into consideration: (1) selection of appropriate regression methods and (2) selection of significant predictors and predicted variable(s) for decision-maker's needs. A number of linear and nonlinear regression methods, listed in Table 2 , were used to develop the simulation models for various extreme weather events. The different regression methods were employed for different meteorological variables since a given regression method is suitable only for a certain type of data with a specific distribution. For example, the cumulative logit regression approach is a more suitable analysis tool for use in developing a simulation model for ordered categorical data, such as total cloud cover (Allison 2000) . On the other hand, when time-series data are used in developing a regression-based prediction model, autocorrelation correction regression should be used to take into consideration the serial correlation in the time-series data (SAS Institute Inc. 2006). In order to effectively select significant predictors, the modeling conceptualizations in meteorology and hydrology were carefully analyzed to identify the predictors with the most significant relationships with the predictand. For example, when developing daily rainfall simulation models, in addition to the standard meteorological variables, a number of the atmospheric stability indices were used (Cheng et al. 2010) . A certain threshold level of these stability indices can be used as indicators of atmospheric instability and the conditions associated with the potential development of convective precipitation (Glickman 2000; Environment Canada 2002) .
Two different kinds of the simulation models were developed to verify the occurrences of historical daily extreme weather events (e.g., freezing rain, Cheng et al. 2004 Cheng et al. , 2007c Cheng et al. , 2011b and to simulate the quantities of weather/environmental variables (e.g., daily streamflow volumes, air pollution concentrations, extreme temperature-and air pollutionrelated mortality, Cheng et al. 2007a Cheng et al. , b, 2008a , separately in the studies. However, daily rainfall simulation modeling comprises both approaches altogether resulting in a two-step process: 1) cumulative logit regression to predict the occurrence of daily rainfall events and 2) using probability of the logit regression, a nonlinear regression procedure to simulate daily rainfall quantities (Cheng et al. 2010 (Cheng et al. , 2011a . The 228 predictors used in development of daily rainfall event occurrence simulation models include not only the standard meteorological variables but also a number of the atmospheric stability indices. As described in the study by Cheng et al. (2010) , the cumulative logit regression performed very well to verify historical daily rainfall events, with models' concordances ranging from 0.82 to 0.96 (a perfect model would have a concordance value of 1.0). To effectively evaluate the performance of daily rainfall quantity simulation models, the four correctness levels of "excellent", "good", "fair" and "poor" were defined based on absolute difference between observed and simulated daily rainfall amounts. Cheng et al. (2010) have found that, across the four selected river basins shown in Fig. 1 , the percentage of excellent and good daily rainfall simulations ranged from 62% to 84%. Further detailed information on the development of extreme-weather-event simulation models, including approaches for the selection of regression methods and predictors, can be found in publications by Cheng et al. (2004 Cheng et al. ( , 2007a Cheng et al. ( , c, 2008a Cheng et al. ( , 2010 .
Regression-based downscaling
Approaches for projecting changes in the frequency and intensity of future extreme weather events require future hourly station-scale climate information of the standard meteorological variables used in synoptic weather typing and simulation modeling. These meteorological variables include surface and upper-air temperature, dew point temperature, west-east and south-north winds, sea-level air pressure, and total cloud cover. To derive future hourly station-scale climate data from GCM-scale simulations, Cheng et al. (2008c) developed a regression-based downscaling method. This downscaling method consisted of a two-step process: (1) spatially downscaling daily GCM simulations to the selected weather stations in south-central Canada and (2) temporally downscaling daily scenarios to hourly time steps. Similar to the development of extreme-weather-event simulation models, a number of linear and nonlinear regression methods, as listed in Table 2 , were used to develop the downscaling "transfer functions". Once again, the different regression methods were employed for different meteorological variables since a given regression method is suitable only for a certain type of data with a specific distribution.
As described in the study (Cheng et al. 2008c) , the downscaling results showed that regression-based downscaling transfer functions performed very well in deriving daily and hourly station-scale climate information for all weather variables. For example, most of the daily downscaling transfer functions possess model R 2 s greater than 0.9 for surface air temperature, sea-level air pressure, upper-air temperature and winds; the corresponding model R 2 s for daily surface winds are generally greater than 0.8. The hourly downscaling transfer functions for surface air temperature, dew point temperature, and sea-level air pressure possess the highest model R 2 (>0.95) of the weather elements. The functions for south-north wind component are the weakest model (model R 2 s ranging from 0.69 to 0.92 with half of them >0.89). For total cloud cover, hourly downscaling transfer functions developed using the cumulative logit regression have concordances ranging from 0.78 to 0.87 with over 75% >0.8. For more detailed information on the development and performance of downscaling transfer functions, refer to Cheng et al. (2008c) .
Future projections
Following downscaling of future hourly climate data, the synoptic weather typing and regression techniques were able to project changes in the frequency and intensity of future extreme weather events and their impacts. To achieve this, future daily weather types are needed and projected by applying synoptic weather typing methods using the downscaled future hourly climate data (Cheng et al. 2007b (Cheng et al. , c, 2008b (Cheng et al. , 2011a . To remove GCM model biases, future downscaled climate data were standardized using the mean and standard deviation of the downscaled GCM historical runs . As described by Cheng et al. (2008b Cheng et al. ( , 2011a , the synoptic weather typing approach is appropriate for changing climate conditions since it can assign projected days with conditions above a threshold beyond the range of the historical observations into more extreme weather types. Using projections of daily synoptic weather types under a changing climate, the approach is able to project changes in the frequency and intensity of future extreme weather events and their impacts. As described in Table 2 and to reduce the uncertainties for decision-making, two independent methods were used in each study to project the possible impacts of climate change on extreme weather events. The first method was based on changes in the frequency of future extreme weather types relative to the historical weather types. The frequency and intensity of future daily extreme weather events were assumed to be directly proportional to change in frequency of future relevant weather types. The second method applied within-weather-type simulation models with downscaled future climate data to project changes in the frequency and intensity of future daily extreme weather events. Cheng et al. (2007b Cheng et al. ( , c, 2008b Cheng et al. ( , 2011a provide more detailed information on these methodologies for projections of future extreme weather events and their impacts.
Model validation
All steps and principal methods described above, namely synoptic weather typing, extreme-weather-event simulation modeling, and regression-based downscaling, were validated against an independent dataset to ensure the models performed well and were not over-fitted (e.g., could be duplicated with another dataset). To achieve this, as indicated in Table 2 , two validation methods were employed: 1) randomly selecting one-fourth to one-third of the total years as an independent dataset and 2) apply a "leaveone-year-out" cross-validation scheme. For both methods, the validation dataset was independent from the data sample used in the development of synoptic weather typing, the simulation models of the extreme weather events, and downscaling transfer functions. The first validation method was used for verification of synoptic weather types and validation of within-weather-type simulation modeling in heavy rainfall, freezing rain, air quality, and human health studies. The second method was used for validation of impacts and related physical variables such as streamflow simulation models and downscaling transfer functions.
In these studies, the validation approaches were applied using synoptic weather typing and the simulation models to verify historical weather types and extreme weather events (Table 2 ). The results of the verification, based on historical observations of the outcome variables or impacts (e.g. mortality rates) simulated by the models, showed a very good agreement, which indicates that the methods used in the projects were appropriate in development of extreme-weather-event simulation models (Cheng et al. 2007a (Cheng et al. , c, 2008a (Cheng et al. , 2010 (Cheng et al. , 2011a . In addition, as described in Table 2 , the performance of the downscaling transfer functions was evaluated for the following aspects: 1) Validating downscaling transfer functions using a leave-one-year-out cross-validation scheme, 2) Analyzing model R 2 s of downscaling transfer functions for both development and validation datasets, 3) Comparing data distributions and diurnal/seasonal variations of downscaled GCM historical runs with observations over a comparative time period of 1961-2000, 4) Examining extreme characteristics of the weather variables derived from downscaled GCM historical runs with observations, and 5) Comparing against stakeholder's expert judgement for consistency.
The results showed that regression-based downscaling methods performed very well in deriving future hourly station-scale climate information for all weather variables. For example, as shown in Table 3 , the hourly downscaling transfer functions derived from both development and validation datasets possess model R 2 s >0.95 for surface air temperature, dew point temperature, and sea-level air pressure (Cheng et al. 2008b (Cheng et al. , c, 2011a ).
Results
In summary, the studies on the various impacts of current and future climate extremes, whether for extreme precipitation, ice storms, heat, human mortality, flooding or other impacts, consisted of three steps: (1) historical analysis of climate extremes and their links (transfer functions) to impacts, (2) statistical downscaling of climate model simulations to scales and variables of significance to decision-makers, and (3) future projections under a changing climate. The major results for each of these three steps are summarized in this section, with more detailed information available from Cheng et al. (2004 Cheng et al. ( , 2007a Cheng et al. ( , b, c, 2008a Cheng et al. ( , b, c, 2010 Cheng et al. ( , 2011a . The results of the first two steps-historical analysis and statistical downscaling as well as development and validation of simulation models/downscaling transfer functions-are outlined in Table 3 . The Table indicates that the simulation models and statistical downscaling transfer functions perform well when verified against historical extreme weather events and their impacts. The collaborating decision-makers who were involved in each of these studies later confirmed these conclusions verified the judgement of their experts. For example, streamflow simulation models showed that there were significant correlations between daily streamflow volumes and model simulations, with model R 2 s ranging from 0.61 to 0.62, 0.68 to 0.71, 0.71 to 0.74, 0.95 to 0.95 for the Humber, Grand, Upper Thames, Rideau River Basins, respectively. Over half of 80 air pollution simulation models across four selected cities (Montreal, Ottawa, Toronto, Windsor) in south-central Canada showed model R 2 ≥0.6. Results from the freezing rain-related weather type study indicated that 75% and 100% of daily freezing rain events lasting ≥1 and ≥6 h/day were captured, respectively by the simulation models for the entire study period. In all of the studies, as indicated in Table 3 , the simulation models were suitable to verify or duplicate extreme weather events and reliable to guide decision-making. The verifications of the simulation results, derived from both model development and validation datasets, were very similar and demonstrated significant skill in discrimination and prediction of quantities of daily/hourly meteorological variables and occurrences of daily extreme weather events. Table 4 summarizes climate change projections of changes in the frequency and intensity of future extreme weather events late this century derived from these studies. The values of 
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Fifteen cities as shown in Fig. 1 Freezing rain-related weather types Four primary freezing rain weather types for all 15 cities and two additional weather types for some cities Similar to development * Excellent: absolute difference between observed and simulated daily rainfall ≤30% of observation; Good: 30% of observation < absolute difference between observed and simulated daily rainfall ≤60% of observation Table 4 Major results on projections of changes in frequency and intensity of future daily extreme weather events in this century Table 4 , represent percentage increases and decreases, respectively, from the historical baselines listed as historical means in Table 4 . Future changes of +100% and +200% indicate that the frequencies or intensities of the extreme weather events are projected to double and triple late this century compared to historical or current conditions. As illustration, across four selected river basins in south-central Canada, the number of days with rainfall ≥25 mm is projected to increase by about 10%-35% and 35%-50%, respectively over the periods 2046-2065 and 2081-2100 (from the "warm season" baseline period April-November, 1961 . For seasonal rainfall totals, the corresponding increases are projected to be about 15%-20% and 20%-30% by 2046-2065 and 2081-2100, respectively. The return values of annual maximum one-day streamflow volumes for the nine return periods studied (2, 5, 10, 15, 20, 25, 30, 50 , 100 years) are projected to increase by 15%-35%, 25%-50%, and 30%-80%, respectively, with the ranges in the increases reflecting three 50-year periods of this century (2001-2050, 2026-2075, 2051-2100) . Similarly, across four selected cities in south-central Canada (Montreal, Ottawa, Toronto, Windsor), heat-related mortality are projected to more than double and triple under a changing climate, respectively, by the middle and late of this century from the historical conditions over the period 1954-2000. For air pollution-related mortality rates driven by climate and weather conditions (i.e. atmospheric circulation patterns and heat or cold), the corresponding increases are projected to be 20%-30% and 30%-45% by the middle and late of this century, given that future air pollutant emissions remaining at the same level as that at the end of the 20th century. By the middle of this century, daily ice storm or freezing rain events for three colder months (December-February) are projected to increase by 70%-100%, 50%-70%, and 35%-45% in northern, eastern (including Montreal in Quebec) and southern Ontario (as shown in Fig. 1 ), respectively. The corresponding increases by the latter part of this century (2081-2100) are projected to be even greater: 115%-155%, 80%-110%, and 35%-55%, respectively, for northern, eastern and southern Ontario.
Conclusions and recommendation
The overarching purposes of these projects were to assess possible changes in the frequency and intensity of future extreme weather events late this century and to provide guidance to decision-makers in the development and selection of appropriate adaptation actions. Automated synoptic weather typing and a number of linear/nonlinear regression analyses were applied, altogether with downscaled future GCM climate data, to project future weather types and changes in the frequency and intensity of future extreme weather events and their impacts. In these projects, a formal validation and verification process of model results was built into all of the steps, including synoptic weather typing, historical extreme weather event simulation modeling, statistical downscaling, and projections of future extreme weather events and their impacts. The results of the verification, based on historical observations of the outcome variables simulated by the models, showed a very good agreement to observations and consistency with decision-maker's expert judgement for all extreme weather events studied. As a result, it is proposed that a combination of synoptic weather typing, extreme weather event simulation modeling, and regression-based downscaling can be useful in projecting changes in the frequency and intensity of future extreme weather events and their impacts at a local scale or station scale. Modeled results from these projects indicated that the frequency and intensity of future daily extreme weather events have the potential to significantly increase late this century under a changing climate. The implications of these increases need to be taken into consideration and integrated into planning, policies, and programs that deal with the longer term. For example, engineering infrastructure design standards and their embedded climatic design values need to consider climate extremes from the current as well as the future climates that are expected over the lifespans of the structures. Health policies and responses need to consider climate sensitivities for today's climate conditions and to also factor in future climate change along with future social and demographic changes for current preventative actions. Air quality regulations, policies, and programs also need to be informed on links to current and future climate conditions. Similarly, disaster prevention or risk reduction actions need to be guided by current climate conditions and future projections on existing and emerging climate hazards in order to manage current and changing risks. Water resource and flood managers at the regional level need to plan for current and changing climate risks to water resources (i.e. low and high streamflow conditions) and to assess infrastructure designs, resilience, and flood reduction services supplied by surrounding landscapes and ecosystems as adaptation options to manage changing risks. The adaptation strategies and policies that will need to be developed to deal with the implications of changing climate extremes are many and will affect all sectors. As the IPCC (2007a) recently pointed out, "More extensive adaptation than is currently occurring is required to reduce vulnerability to future climate change." One of the key components of developing effective adaptation options and plans to reduce meteorological and hydrological risks from the changing climate is to implement effective and meaningful early warning systems that result in stakeholder actions. Studies that can link climate existing extremes to impacts and decisions and inform policies and programs on changing and future extremes are essential for design of better risk reduction and early warning systems. Decision makers in south-central Canada are requesting defensible and relevant scientific guidance on future climate extremes in order to improve the resilience of infrastructure that is being constructed today and must withstand the climate extremes expected over the lifespan of the structures (decades). Decision-makers also need relevant scientific guidance to develop the adaptive capacity to reduce the multiple risks and realize some of the potential opportunities that may result from changing climate extremes.
